Fletcher, D. E. (1972). Brit. J. industr. Med., 29,[142][143][144][145]. A mortality study of shipyard workers with pleural plaques. Mild asbestos effects are seen frequently in shipyard workers. It is known that exposure of this type may be associated with mesothelioma, but it is not generally thought that an increased bronchial carcinoma risk exists unless there is pulmonary fibrosis. A number of cases of both types of malignant disease were seen in the Barrow hospitals, associated with pleural plaques. In view of this a retrospective survey was carried out.
The shipbuilding industry uses many different asbestos products mainly in pipe lagging and in lining cabins and other rooms with asbestos-containing boards. Much asbestos cloth is used in electrical preheating and there are many other minor uses.
Men of various trades work together in confined spaces, sharing each other's occupational hazards. Minor changes of asbestos effects are frequently seen. The Barrow shipyard is probably fairly representative of British shipbuilding practice and employs about 13 000 men. Pleural plaques are found in approximately 5 % of adult male shipyard workers in Barrow, while about 1 % have radiological suspicion of pulmonary fibrosis which could be due to asbestos.
During the last few years a number of cases of thoracic malignant disease associated with pleural plaques have been seen in the Barrow hospitals,; both mesotheliomas and bronchial carcinomas. It is recognized that mesothelioma frequently occurs after mild asbestos exposure not producing pulmonary fibrosis, but an increased risk of bronchial carcinoma in these circumstances is not generally accepted. It was felt that an epidemiological study should be carried out but permission could not be obtained for a prospective study. Hospital cases represented a medically biased sample so retrospective examinations of existing collections of routine administrative and mass survey films were used.
Review of the literature There is considerable evidence of an association between diffusemalignantmesothelioma and asbestos exposure. In South Africa, Sleggs, Marchand, and Wagner (1961) found a history of asbestos exposure in 33 out of 34 cases, but only about one-third of their cases had pulmonary fibrosis. In Dresden, Anspach (1965) Jacob and Anspach (1965) showed that the risk of developing lung cancer had increased in Dresden. Improved working conditions resulted in fewer early deaths from cor pulmonale, and more workers lived long enough to develop thoracic cancer.
. Braun and Truan (1958) found a slightly increased risk of lung cancer in Quebec asbestos miners but the result was not statistically significant. Mancuso and Coulter (1963) reported 10-2% of lung cancers in 186 deaths of asbestos factory workers compared with an expected figure of 3 %. Enterline and Kendrick (1967) showed that asbestos textile workers had 2-3 times as many lung cancers as the general population, but for asbestos building board workers the figure was 1-3 times. None of these cohort studies referred to the number of men with pulmonary fibrosis or to their smoking habits.
A series of papers by Selikoff, Hammond, and Churg presented undoubted evidence of an increased bronchial carcinoma risk in New York asbestos insulation workers and referred to smoking habits. In the 1969 paper theyreferred to 94 successive deaths of men with over 20 years' exposure history, 24 of whom died of bronchial carcinoma. The expected figure was 2-3. They were able to show that smoking increased the risk 11-4 times and asbestos exposure with smoking 92-3 times. Just less than half their cases were confirmed at necropsy. Fifteen men died of asbestosis, but they do not say how many men had pulmonary fibrosis associated with other lesions. Newhouse (1969) carried out a cohort study of male asbestos factory workers and demonstrated an increased risk of thoracic malignancy in men employed less than two years in a heavy exposure category and then followed for 16 years. Out of 34 deaths, there were 8 thoracic cancers compared with an expected figure of 2-7. The relative numbers of bronchial carcinomas and mesotheliomas were not given for this group.
Routine chest films available for study There is no mass radiography unit in Barrow but regular visits are made by one of the regional units and at various times the shipyard has been included in the survey. Films and record cards are available only for the more recent examinations, the earliest being in July 1962. This was made on 100 mm film and covered 11 347 people, 7357 men and 3990 women. Among the men were 5 456 shipyard workers and 1 901 other workers, many of whom had worked in shipbuilding previously.
There is also a large collection of full-size posteroanterior chest films at the works clinic, mostly taken for purely administrative reasons. Films are taken of all apprentices, most new entrants, and men engaged after a break in service. All men referred for a routine medical examination also have a chest film, and certain trades are examined regularly, especially laggers, welders, crane drivers, and foundry workers. Men working near radioactive sources are frequently examined, also those using certain types of equipment. Most joiners have been examined and several workshops and drawing offices have been surveyed when tracing tuberculosis contacts. There are a few films which were taken for the investigation of minor respiratory symptoms but as these introduced a medical bias they were discarded. There are 8 706 sets of films, covering 8561 men and 145 women, some beginning in 1948 but most of them taken during the last 10 years. Many have had serial examinations. There is some overlap between these two film collections, 394 men being present in both. Combining the two, radiographs of 15 524 men are available for study, most of them present or previous shipyard workers.
Method of investigation
To obtain an unbiased group of men for follow-up, the entire collection of films from the 1962 mass radiography survey and theclinic films were read without any identification details, and cases with pleural plaques were noted. The criteria used in diagnosis have been described (Fletcher and Edge, 1970) . Record cards were then consulted and men were discarded if they would be under the age of 45 by the end of the survey period. This was done because it is unlikely that asbestos related malignancy would occur in younger age groups.
Four hundred and eight men were selected for follow-up and they were then traced through works records, hospital case notes, x-ray departmental records, electoral rolls, general practitioner records, and death certificates. In all fatal cases a particular effort was made to verify the cause of death from hospital records. No men were lost to follow-up, which extended from 1 July 1960 to 30 June 1970. Starting with 1960 the number of men with plaques was noted in each age group and divided by two as the followup began on 1 July of that year. Men diagnosed later that year were assumed to join the survey half way through the period and counted as a quarter. In each age group the expected mortality was worked out. In determining the number of men studied in 1961, the survivors from 1960 were added to the new cases diagnosed in 1961, each of whom was assumed to be diagnosed in the middle of the year and was accordingly counted as one half. In this way the expected mortality in each year was determined from the actual number of men observed in that year. A similar chart was then prepared for the controls. When the individual years had been computed they were added together and the totals for the whole 10-year period are presented in the Table. Discussion
The number of deaths due to all causes was higher than the predicted figure in both groups. The most striking difference was in the bronchial carcinomas which were 2-4 times the expected figure in the plaques series and 1 2 times the expected figure in the control series. There was almost double the incidence of the disease in men with plaques compared with men of similar trades without plaques. As explained earlier, the difference between the two series is likely to be underestimated as it was not known how many 
